The hippocampus has long been implicated in the formation of long-term memory (Squire 1992; Eichenbaum and Cohen 2001 ). An additional perspective, based largely on rodent studies, has suggested a role for the hippocampus in spatial cognition in addition to its role in memory. Thus, it has been proposed that the rodent hippocampus might be important for spatial navigation, path integration, and for the representation of places and routes during spatial behavior (McNaughton et al. 2006; Moser et al. 2008; Whitlock et al. 2008) .
These ideas have also been explored in reference to the human hippocampus Bird and Burgess 2008) . For example, a functional neuroimaging study using films of realworld environments reported hippocampal activation during topographical learning (learning a spatial map of the environment) but not during episodic learning (encoding events) (Maguire et al. 1996) . Other imaging studies demonstrated that the hippocampus is active during accurate navigation (possibly based upon the ability to construct an allocentric representation of space) as compared to trials where participants followed a marked trail or a pre-learned route (Maguire et al. 1998; Hartley et al. 2003) . In another study, hippocampal activity was associated with spatial relational processing in comparison to nonspatial relational processing (Kumaran and Maguire 2005) . Moreover, some memoryimpaired patients with limited hippocampal damage have been reported to have difficulty with allocentric spatial processing (King et al. 2002; Hartley et al. 2007 ; but see Shrager et al. 2007) or navigating in complex virtual environments (Spiers et al. 2001) .
It has also been suggested that the hippocampus might be needed for constructing spatially coherent mental images, a process that could support autobiographical memory as well as spatial navigation (Byrne et al. 2007; Hassabis and Maguire 2007; Bird and Burgess 2008) . Neuroimaging studies have identified hippocampal activity, as well as activity in other brain regions, when individuals construct mental images of complex scenes or when they imagine the layout of a virtual environment (Hassabis et al. 2007a; Bird et al. 2010; Summerfield et al. 2010) . In one study, four of five patients with hippocampal damage were impaired at constructing fictitious personal experiences and provided narratives that lacked richness and spatial coherence (Hassabis et al. 2007b) . In another study, six different patients with hippocampal damage were also impaired at constructing spatially coherent scenes (Mullally et al. 2012b) . Nevertheless, other patients with hippocampal damage were able to imagine fictitious personal experiences and to provide a normal amount of detail in their narratives Squire et al. 2010; Hurley et al. 2011) .
Questions remain about what role the hippocampus might have in tasks that require constructing mental images of scenes or creating narratives. For example, constructing fictitious personal experience might require the hippocampus for retrieving details from memory and recombining the details into a coherent spatiotemporal context Schacter et al. 2012) . Accordingly, the difficulty that some patients with hippocampal damage have in creating fictitious experiences, including experiences with spatial context, might reflect the extent to which memory from the past is impaired. It is also noteworthy that neuroimaging studies associating the hippocampus with scene construction identify not only the hippocampus but also a number of other brain regions belonging to an extended 10 network that is thought to be important for navigation, episodic future thinking, as well as scene construction (Hassabis et al. 2007a; Bird et al. 2010; Summerfield et al. 2010) . The specific role of the hippocampus itself in constructing spatial mental images is therefore uncertain.
To address these issues, we have administered four tasks that required participants to construct spatially coherent mental images but in the absence of any requirement to learn and remember (Fig. 1) . We gave these tests to six memory-impaired patients with damage thought to be limited to the hippocampus. We also assessed how well the patients could remember the stimuli used in the tasks, which made it possible to compare the capacity for spatial imagery with the ability to encode spatial information into memory.
Results
Mental Imagery Questionnaire Figure 2 shows the proportion correct scores for true/false statements that emphasized different features of mental images. Both groups performed well above chance with an overall accuracy of 0.76 for controls and 0.78 for patients. Patients performed as well as controls for each type of statement (P's . 0.5). Response times were numerically faster for the patients than controls (5.2 sec for patients, 7.8 sec for controls) but the difference was not significant (P . 0.1). Figure 3A shows discriminability scores (d ′ ). The hit rate was the proportion of trials in which participants correctly responded "yes" for arrows that pointed to a previous object location. The false alarm rate was the proportion of trials in which participants incorrectly responded "yes" for arrows that pointed elsewhere. Participants performed well in all conditions, whether the arrow was a short, medium, or long distance from the object location. An analysis of variance (ANOVA) yielded a main effect of distance (F (2,19) ¼ 3.5, P , 0.05) but no effect of group or group × distance (P's . 0.1). In addition, none of the group differences in accuracy in the short, medium, or long conditions approached significance (P's . 0.4). Response times increased as the arrow appeared at increasing distances from the object location (linear trend for each group, P's , 0.05) (Fig. 3B ). An ANOVA yielded a main effect of distance (F (2,19) ¼ 7.0, P , 0.01) but no effect of group or group × distance (P's . 0.5). Figure 4A shows performance accuracy (d ′ ) for discriminating same from different cubes. Results from the "same" trials and "different" trials were combined, and d ′ scores were calculated using the method developed for same-different judgments (Macmillan and Creelman 1991) . Correct responses of "same" for cubes that were, in fact, the same were designated as hits, and incorrect responses of "same" for cubes that were, in fact, different were designated as false alarms. An ANOVA yielded a main effect of difficulty (F (2,18) ¼ 52.0, P , 0.01) but no effect of group or group × difficulty (P's . 0.7). In addition, none of the group differences at any difficulty level approached significance (P's . 0.5). Response times increased with task difficulty (Fig. 4B ). An ANOVA yielded a main effect of difficulty (F (2,18) ¼ 15.9, P , 0.01) but no effect of group or group × difficulty (P's . 0.5). Figure 5A shows proportion correct scores across the different orientations (0˚-360˚) for tests given in Blocks 3 and 4. Note that here (and in Fig. 5B ) the data point for 360˚simply replots the data point for 0˚. During the first and second blocks, both groups performed similarly and reached stable performance (Block 1, controls 83% correct, patients 87% correct; Block 2, controls 87% correct, patients 90% correct). Data were combined for trials in which the characters were presented normally and trials in which the characters were presented backward. An ANOVA yielded a main effect of orientation (F (9,19) ¼ 14.0, P , 0.01) but no effect of group or group × orientation (P's . 0.6). Response times increased as the orientation of the character departed from 0˚, up to 180˚ (Fig. 5B ). An ANOVA yielded a main effect of (Left) On each trial, two objects were presented simultaneously for 3 sec. Participants were asked to maintain the locations of the objects in mind while fixating the cross. (Right) One second after the objects disappeared, a single arrow was displayed. The task was to determine whether or not the arrow pointed to a location previously occupied by one of the objects. When it pointed to one of these two locations, the arrow was positioned a short, medium, or long distance from the location (as shown to the left). The arrow to the right is pointing to neither of the locations previously occupied by an object. (B) A sample trial from the Mental Paper Folding task. Participants were asked to mentally fold the unfolded cube (right) and then decide, by inspecting the locations of the arrows, whether the two cubes were identical or different. A note "FOLD UP" (or "FOLD DOWN") indicated whether the shaded box represented the bottom (or top) of the cube. There were three levels of difficulty (easy, medium, and difficult). This example illustrates a difficult trial with identical cubes. (C ) Sample stimuli from the Mental Rotation task. Participants were asked to mentally rotate a character into its upright position and then determine whether the character was then normal or backward. Moving clockwise from the upper left, the examples illustrate clockwise rotations of 40˚, 120˚, 200˚, and 280˚. The 2 and G are normal, and the 5 and R are backward. Spared spatial imagery after hippocampal lesions www.learnmem.org orientation (F (9,19) ¼ 28.3, P , 0.01) but no effect of group or group × orientation (P's . 0.1). Controls mentally rotated characters at an average rate of 74.2˚/sec, and patients mentally rotated at a marginally slower rate of 59.7˚/sec (P , 0.07). Figure 6 shows scores for the three memory tasks. Patients were markedly impaired at remembering the studied items that were taken from the mental imagery tasks (83% vs. 69% for Imagery for Spatial Location; 73% vs. 61% for Mental Paper Folding; 73% vs. 60% for Mental Rotation; P's , 0.05).
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Discussion
We tested the ability of memory-impaired patients with circumscribed bilateral hippocampal damage to construct spatially coherent mental images. The tests were designed to assess the construction of mental images independently of the ability to learn and remember. In the Mental Imagery Questionnaire task, patients performed as well as controls when they needed to construct mental images in order to make true/false judgments, even when the mental images required the representation of spatial relationships. In the Imagery for Spatial Location task, both patients and controls were able to construct and briefly maintain spatially coherent mental images of two object locations. Response times of both groups linearly increased as participants needed to scan mentally across a greater distance. Patients also performed as well as controls on the Mental Paper Folding and Mental Rotation tasks. Nevertheless, despite their intact ability to construct spatially coherent mental images, the patients were deficient at remembering the materials that they were able to image.
These findings suggest that the hippocampus is not needed for constructing spatially coherent mental images but is needed for the formation of long-term memory (i.e., when the material to be remembered exceeds working memory capacity). A similar finding was reported for patient KC, who has severe memory impairment resulting from traumatic brain injury, which included bilateral damage to the hippocampus (Rosenbaum et al. 2004) . On a wide range of imagery tests (including tests of both object imagery and spatial imagery), KC demonstrated a preserved ability to create and manipulate mental images.
It is also of interest that patient P01 was able to construct spatially coherent scenes, despite bilateral hippocampal damage due to meningitis (Hassabis et al. 2007b ). However, in this case (and also in patient Jon ), it was suggested on the basis of fMRI data that successful scene construction was supported by residual hippocampal tissue (Mullally et al. 2012a ). The fact that our patients had hippocampal volume reductions similar to what has been reported for P01 and Jon (40%-50%) raises the possibility that residual hippocampal tissue in our patients could have supported performance on the mental imagery tasks. Although this possibility is difficult to exclude, it is of interest that postmortem neurohistological analysis of two patients (LM and WH) with similar hippocampal volume reductions (estimated from MRI scans) had nearly complete loss of all hippocampal neurons (Rempel-Clower et al. 1996) . We suppose in these two cases that the tissue collapsed but did not disappear entirely, despite the nearly complete loss of hippocampal neurons. Further work is needed to evaluate the significance of fMRI signals that can be recorded from damaged hippocampus (Mullally et al. 2012a ). Additional neurohistological data will be useful as well in order to determine the typical relationship between hippocampal volume reduction and neuronal loss.
A lingering and challenging issue concerns the locus and extent of brain damage in the patients under study and the possibility that differences in findings may result from differences in neuropathology. For example, seven of the patients who were impaired at scene construction (Hassabis et al., 2007b; Mullally et al., 2012b) had limbic encephalitis. Patient P01 (Hassabis et al. 2007b) , who succeeded at scene construction, had a different etiology. All of our patients became amnesic as the result of anoxia, and none of them was impaired on the mental imagery tasks. As described previously (Squire et al. 2010 (Squire et al. , 2011 , limbic encephalitis can be associated with abnormalities that extend beyond medial temporal lobe structures (Schott et al. 2003; Harrower et al. 2006; McKeon et al. 2007; Samarasekera et al. 2007; Toosy et al. 2008; Kartsounis and de Silva 2011) . Accordingly, there is some uncertainty whether the deficits in scene construction reported for patients with limbic encephalitis reflect damage to the hippocampus itself.
If the human hippocampus is not needed for spatial mental imagery, what other brain regions could be important? Functional neuroimaging studies have identified a "core" network that is activated during episodic recall, scene construction, and future imagining (medial prefrontal cortex, posterior regions in medial and lateral parietal cortex, lateral temporal cortex, and the medial temporal lobe including the hippocampus) (Mullally et al. 2012a; Schacter et al. 2012) . Part of this network other than the hippocampus might be needed for scene construction. Indeed, studies of patients with damage to the parietal lobe suggest that this region might be important for some kinds of spatial mental imagery. One patient with parieto-occipital lobe damage was impaired at spatial mental imagery (e.g., describing routes) but was intact at identifying objects (Levine et al. 1985) . Another patient was impaired at mental rotation after a lesion of left temporoparietal cortex, though memory and perception appeared intact Spared spatial imagery after hippocampal lesions www.learnmem.org (Riddoch 1990 ). Other studies have suggested that occipital cortex or inferotemporal cortex is important for mental imagery (Ogden 1993; Rubin and Greenberg 1998) .
The ability to construct spatially coherent mental images is likely an essential component of a number of cognitive tasks such as future imagining, autobiographical recollection, and navigation-tasks that have been linked to hippocampal function (Maguire et al. 1996; Hassabis et al. 2007a,b; Race et al. 2011 ). The present findings raise the possibility that the role of the hippocampus in these tasks reflects the contribution of memory rather than the contribution of spatial mental imagery. For example, in the case of imagining future experiences, the ability to combine details that are retrieved from memory may be important (Buckner 2010; Schacter et al. 2012) . Accordingly, it has been suggested that the success that some memory-impaired patients have in constructing future experiences might reflect intact remote memory . Similarly, in studies of the ability to remember locations after shifts in viewpoint (King et al. 2002; Hartley et al. 2007 ), impaired performance might reflect impaired retention of spatial memory rather than specific difficulty constructing mental images (Shrager et al. 2007 ).
The mental imagery tasks in our study were designed to minimize the role of learning and memory by using relatively simple images and requiring that only one or two images be processed concurrently. Although we manipulated the difficulty of tasks (e.g., increasing the distance between the arrowhead and object in the Imagery for Spatial Location task), we cannot exclude the possibility that the hippocampus might be needed for the construction of more complex, more elaborate spatial mental images. In exploring this possibility, it will be important to assure that such tasks do not exceed the capacity of working memory.
In summary, we studied the ability to construct spatially coherent mental images in patients with hippocampal lesions. The patients performed as well as controls when they constructed spatial mental images, but they were impaired at remembering the materials that had been used in the tasks. The findings suggest that the hippocampus is not needed for constructing many forms of spatially coherent mental images but is important for the formation of long-term memory. The spatial mental imagery tasks that we used were designed specifically to minimize the need to use long-term memory. In future studies of spatial cognition, it will be important to separate the contribution of spatial processing and the contribution of learning and memory.
Materials and Methods
Participants
Six memory-impaired patients participated, all with bilateral lesions thought to be limited to the hippocampus (CA fields, dentate gyrus, and subicular complex) ( Estimates of medial temporal lobe damage were based on quantitative analysis of magnetic resonance (MR) images from 19 age-matched, healthy males for KE, RS, GW, and JRW, eight younger healthy males for DA, and 11 age-matched, healthy females for patient LJ (Gold and Squire 2005). KE, RS, GW, JRW, LJ, and DA have an average bilateral reduction in hippocampal volume of 49%, 33, 48%, 44%, 46%, and 35%, respectively. All values are .2.9 SD from the control mean. On the basis of two patients (LM and WH) with similar bilateral volume loss in the hippocampus for whom detailed postmortem neurohistological information was obtained (Rempel-Clower et al. 1996) , the degree of volume loss in these six patients likely reflects nearly complete loss of hippocampal neurons. Volume estimates for the parahippocampal gyrus include temporopolar, perirhinal, entorhinal, and parahippocampal cortices. KE, RS, GW, JRW, LJ, and DA have an average bilateral reduction in the volume of parahippocampal gyrus of 11%, 25%, 10%, 12%, 217%, and 25%, respectively (all values within 2 SD of the control mean). The minus values indicate instances where the volume was larger for a patient than for controls. The volumes for parahippocampal gyrus differ a little from volumes reported previously for these patients and are based on newly published, more detailed guidelines for identifying the caudal border of the gyrus (Franko et al. 2012) . Figure 7 shows coronal magnetic resonance images from each patient, together with detailed description of the lesions.
Fifteen healthy volunteers also participated (four females, mean age 61.9 yr, range ¼ 25 -76 yr, mean education 14.5 yr). All procedures were approved by the Institutional Review Board at the University of California at San Diego, and participants gave written informed consent prior to participation.
Materials and procedure
We administered four mental imagery tasks (Mental Imagery Questionnaire, Imagery for Spatial Location, Mental Paper Folding, and Mental Rotation) as well as memory tasks that were derived from three of the mental imagery tasks. Approximately half of the participants were given the Imagery for Spatial Location task first, and half were given the Mental Paper Folding task first (mean ¼ 11 d apart). In later testing sessions during the next 11 mo, all participants were given the remaining tasks in the following order: Mental Rotation task, three memory tasks, and the Mental Imagery Questionnaire. Three of the control participants were not available to complete the Mental Imagery Questionnaire. Spared spatial imagery after hippocampal lesions www.learnmem.org
Mental Imagery Questionnaire
A list of 108 true/false statements was prepared to evaluate the capacity for mental imagery (based on "high-imagery" sentences from Eddy and Glass, 1981) . Each statement emphasized one of three different features that an image might have: color (e.g., "The two lines marking the center of a two-way road are yellow."), shape (e.g., "The middle of a hand-drawn star forms a diamond."), or spatial arrangement (e.g., "Between 7 and 9 o'clock, the tip of a clock's hour hand moves to the left."). Participants were asked to construct a mental image for each statement and indicate by key press ("T" for true or "F" for false) whether or not the statement was true. The statements were arranged in nine blocks of 12 trials, such that each block contained four statements about color, shape, or spatial features. Each participant received a unique order of blocks and a unique order of statements within each block with the constraint that no more than three true statements or three false statements occurred consecutively. The task was self-paced. Overall accuracy was recorded, as well as response times for correct trials (from the onset of the statement to the key press).
Imagery for Spatial Location
This task was based on image-scanning tasks developed previously (Finke and Pinker 1982; Borst and Kosslyn 2010) and assessed the ability to construct and briefly maintain spatially coherent mental images. Each display consisted of black-and-white drawings of two objects (Snodgrass and Vanderwart 1980) located within a white square (17.5˚× 17.5˚) with a fixation cross in its center (Fig. 1A, left) . Each object covered 2.9˚× 2.9˚. The objects were pseudorandomly placed such that they were located 1.6˚-7.6f rom the fixation cross, at least 1˚from the boundary of the square, and 3.3˚-13.8˚apart. Following 12 practice trials with feedback, 216 test trials were presented. Each trial began with a 1-sec fixation cross. Next, the two objects were displayed for 3 sec, during which time participants continued to fixate the cross. The objects then disappeared, and after 1 sec a single arrow was displayed (1.4˚in length, 1.5 cm on the computer screen). The arrow pointed either to a location previously occupied by an object (108 trials) or it pointed elsewhere (108 trials) (Fig. 1A, right) . When the arrow pointed to a previous object location, the arrowhead was either a short, medium, or long distance from where the object had been located (2.9˚, 5.7˚, 8.6˚; 3, 6, 9 cm on the computer screen). When the arrow did not point to a previous object location, the angle between the arrow heading and the nearer of the two object locations was 25˚, and the arrowhead was 5.2˚distant from the nearer location (5.5 cm on the screen). Distances and angles were such that good performance required participants to maintain an accurate mental image of both object locations. Participants indicated by key press (yes or no) whether or not the arrow was pointing to a location previously occupied by one of the objects. Participants were encouraged to make their decisions as quickly as possible without compromising accuracy. Typically, in image-scanning tasks of this kind, the time needed to make the decision increases linearly with distance between the arrow and a prior object location (Borst and Kosslyn, 2010) . This finding suggests that participants mentally follow the arrow heading to a remembered spatial location.
Each display appeared twice during testing, though with different arrangements of the associated arrows. The order of presentation of the displays was pseudorandom with the constraint that no more than three "yes" trials or three "no" trials occurred consecutively. Overall accuracy was recorded, as well as response times for correct trials (from the onset of the arrow to the key press). Response times .2 SD above a participant's mean were excluded (for 5.2% of the trials).
Mental Paper Folding
This task was adapted from a Mental Paper Folding task developed by Wright et al. (2008) . Each trial presented a drawing of an unfolded cube template on the right (six squares) and a cube on the left (Fig. 1B) . Two arrows appeared on two squares of both the template and the cube. The two arrowheads on the completed cube were always in contact. The task was to mentally fold the template to form a cube and determine whether the unfolded template formed a cube identical to the completed cube on the left (i.e., the participant was to decide whether the two arrowheads on the folded template contacted each other as they did in the cube). An instruction on the screen indicated whether the shaded square on the template represented the bottom of the cube and should be folded upward, or whether it represented the top of the cube (in which case the template should be folded downward).
The test trials could be easy, medium, or difficult, corresponding to whether only a single square (easy), two or three squares (medium), or four to seven squares (difficult) had to be carried along (summing across folds) in order to reach a solution. The time needed to reach a decision is known to increase with difficulty level (Shepard and Feng 1972; Wright et al. 2008) .
Following 12 practice trials with feedback, 114 test trials were given (38 trials at each difficulty level were intermixed). Participants indicated by key press (same or different) whether or not the unfolded template was congruent with the completed cube (i.e., whether the arrowheads were in contact after the cube was formed). Participants were encouraged to make their decisions as quickly as possible without compromising accuracy. No more than three "same" trials or three "different" trials occurred consecutively. Overall accuracy was recorded, as well as response times for correct trials (from the onset of the display to the key press). Response times .2 SD above a participant's mean were excluded (on 4.7% of the trials). One control participant was excluded because this individual required 35 sec on average to complete each trial (the other controls ranged from 3.4 to 15.0 sec).
Mental Rotation
This task was adapted from one described previously (Cooper and Shepard 1973) . Each trial presented an asymmetrical alphanumeric character (uppercase letters G, J, or R; arabic numerals 2, 5, or 7) in either a normal or backward (mirror-image) version (Fig. 1C) . Each character subtended a visual angle of 4.6˚× 5.2˚and was presented within a circle 13.3˚in diameter. In addition, each character was presented in one of nine orientations (from 0˚to 320˚in 40˚steps). Participants were asked to mentally rotate each character to its upright position and then indicate by key press ("N" for normal and "B" for backward) whether the character was then normal or backward. Participants were encouraged to respond as quickly and accurately as possible.
Following six practice trials with feedback, four blocks of 108 test trials were given (each block included six characters × two presentations of each character × nine orientations). Within Spared spatial imagery after hippocampal lesions www.learnmem.org each block, the order of trials was pseudorandomized with the constraint that no more than three "normal" trials or three "backward" trials occurred consecutively. The first and second blocks served as additional practice to stabilize performance. Performance scores were then based on the third and fourth blocks (as in Cerella et al. 1981) . Overall accuracy was recorded, as well as response times for correct trials (from the onset of the character to the key press). Response times .2 SD above a participant's mean were excluded (on 7.6% of the trials).
Memory tasks
We created three memory tasks using the same materials that were used in three of the mental imagery tasks (Imagery for Spatial Location, Mental Paper Folding, and Mental Rotation). The order of presentation was counterbalanced among the participants.
Imagery for Spatial Location
Eight of the displays from the original task were presented two at a time for 3 sec each, with instructions to remember the objects in each display for a later memory test. Ten seconds later, all 16 objects (two from each display) were presented again one at a time, together with 16 objects from other displays, and participants decided (yes or no) whether the object had just been presented. This same procedure was repeated three more times.
Mental Paper Folding
Three unfolded templates from the original task were presented one at a time for 3 sec with instructions to remember their shape and orientation for a later memory test. Five seconds later, the three templates were presented again, together with three other templates, and participants decided (yes or no) whether the template had just been presented. This same procedure was repeated seven more times.
Mental Rotation
Four characters from the original task were presented one at a time for 3 sec with instructions to remember them for a later memory test. Two of the characters were normal, and two were backward. Each character was equally likely to be in one of the nine orientations used in the original task. Ten seconds later, the four characters were presented again, together with four foils. Two of the foils were different characters, and two were characters that had just been presented but in a different version (normal or backward) or in a different orientation. Participants decided (yes or no) whether each character was identical to one that had just been presented. This same procedure was repeated five more times. Figure 7 . Series of eight T1-weighted coronal images of six patients with limited hippocampal lesions (DA, KE, LJ, RS, GW, and JRW) and one control (CON) are illustrated. The sections proceed posteriorly in 7-mm intervals from the temporopolar (TP) cortex in the top section. The left side of the brain is on the right side of each image. As described by Insausti et al. (1998) , TP cortex extends medially from the inferotemporal sulcus (ITS) to the fundus of the TP sulcus. TP cortex extends rostrally from the tip of the temporal pole caudally to the limen insula (LI), which approximates the border between the TP cortex and perirhinal cortex (PRC). Caudal to TP cortex, the collateral sulcus (CS) is the most important structure for the identification of medial temporal lobe cortices. At its most rostral extent, the CS is surrounded entirely by PRC. Caudally, entorhinal cortex (EC) extends from the midpoint of the medial bank of the CS to the subiculum, while PRC extends laterally from the midpoint of the medial bank of the CS to the inferotemporal cortex. Two millimeters caudal to the disappearance of the gyrus intralimbicus of the hippocampus (H), the CS is surrounded by parahippocampal cortex (PHC). The caudal border of the posterior PHC is defined as lying 1.5 mm posterior to the crus of the fornix at the point where the fimbria turns upward to continue as the posterior pillars of the fornix and posterior to the pulvinar nucleus of the thalamus (Franko et al., 2012) . The top section (1) shows the TP cortex and the ITS in the control brain. None of the patients has damage evident at this level. The ITS is visible bilaterally at this level for patients KE, RS, GW, and JRW. For DA, the ITS is not visible on either side at this level. For LJ, only the right ITS is visible. The second section (2) shows TP cortex and the ITS in the control brain. The ITS and TP cortex is evident in all patients at this level. None of the patients has damage evident at this level. The CS is visible, indicating the beginning of PRC, in patients KE and RS (right side only). The third section (3) shows the CS and surrounding PRC and EC in the control brain. None of the patients has damage evident at this level with the exception of KE, who has damage in the basal ganglia secondary to toxic shock syndrome (and to a lesser extent in section 4). For patient DA, the CS is not evident at this level and PRC is evident bilaterally. For patients KE, LJ, and GW, the PRC is evident on the left side, bounded by the LI and CS. On the right side, both EC and PRC are evident. For patients RS and JRW, both EC and PRC are evident bilaterally. The fourth section (4) shows the anterior hippocampus and the adjacent PRC and EC in the control brain. At this level hippocampal damage is evident in patient DA. The hippocampus is not yet visible at this level in any of the other patients. For DA, bilateral damage to the globus pallidus is evident at this level, presumably secondary to heroin overdose. No damage to the PRC or EC is evident for any of the patients at this level. The fifth section (5) shows the hippocampus and the adjacent PRC and EC in the control brain. The CS and the surrounding PRC and EC appear normal in all patients at this level. Damage to the hippocampus is evident in all patients at this level. The sixth section (6) shows the hippocampus and the adjacent PRC and EC in the control brain. Damage to the hippocampus is evident in all patients at this level. The surrounding PRC and EC appear normal in all patients. Both the PRC and EC are visible in all patients bilaterally, with the exception of JRW for whom only PRC is visible on the left side, indicated by the disappearance of the gyrus intralimbicus 2 mm rostral to the sixth section (not shown). The seventh section (7) shows the hippocampus and the CS, surrounded by PHC in the control brain. Damage to the hippocampus is evident in all patients at this level. The PHC is evident in all patients. For DA, the PRC is still visible on the right side. The eighth section (8) shows the hippocampus in the control brain. Bilateral hippocampal damage is evident in patients DA, KE, and GW at this level. Patient LJ shows hippocampal damage only on the left side, and no damage is evident in patient RS. At this level, the hippocampus is no longer evident in patient JRW. PHC is no longer evident at this level in patients DA, KE, LJ, RS, and JRW, and PHC appears normal in patient GW. The warping artifact in the right lateral temporal lobe of GW on this section did not interfere with the assessment of his damage. No damage is evident posterior to this level for all patients.
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